Production of asparaginase II of Saccharomyces cerevisiae is regulated by nitrogen and can be used as a model system for studying other secreted proteins in yeast. Green fluorescent protein (GFP) from Aequorea victoria was fused to the carboxy-terminus of the enzyme by genomic integration to the locus ASP3 of S. cerevisiae. We determined asparaginase II activity, mRNAASP3, mRNAASP3-GFP and GFP fluorescence. Nitrogen starvation in cells carrying the chimera ASP3-GFP caused an increase in fluorescence and in the expression of ASP3. We have shown that cells producing the chimera Asp3-GFPp displayed the same response to nitrogen starvation as control cells. We demonstrated that Asp3-GFPp can be used for studying asparaginase II secretion under nitrogen starvation in vivo.
INTRODUCTION
Saccharomyces cerevisiae provides an attractive system for genetically dissecting mechanisms that regulate trafficking of a secreted protein. Yeast produces periplasmic asparaginase II (asparaginase amidohydolase, E.C. 3.5.1.1) that is encoded by the ASP3 and regulated by nitrogen starvation (1, 4, 6) . The regulation of yeast asparaginase II can be used as a model for studies of the regulatory system for other extracellular enzymes. The production of asparaginase II has been shown to be regulated by Ure2p and GATA factors, Gln3p, Nil1p, and Dal80p (1, 6, 8, 9, 12) . Although previous studies indicated that activity levels in the periplasmic space are regulated by nitrogen, the details of this regulation remain poorly understood. The aim of the present work was to construct a chimera ASP3-GFP gene to produce an asparaginase II fused to the green fluorescent protein (GFP) from Aequorea Victoria to follow in vivo the dynamics of the secreted asparaginase II during nitrogen starvation.
MATERIALS AND METHODS
FY1679-28C (Mat a, ura3-52, leu 2-∆1, trp1-∆63, his3 ∆200, URE2, GAL2+) and P40-3C (Mat ∆, ura3-52, leu2 -3, ade2-102, ure2∆11 ::LEU2) and their derivatives ASM-F3 and ASM-P2 were used as controls and ure2 mutants, respectively. Primers shown in Table 1 (end1 -end2) and plasmid pFA6-GFP(S65T)-kanMX6 were used to obtain the integrative cassette by PCR (13) . The PCR reaction was carried out as outlined in (11) and the PCR product was used for yeast transformation. Transformants were selected using 200 mg/L of G418 as described in (5) . Cells were cultivated in YPAD medium (2% peptone, 2% glucose, 1% yeast extract and 0.01% adenine) and in minimal medium (2% glucose, 0.2% YNB w/o amino acid and ammonium sulphate, 0.9% ammonium sulphate or 0.2% proline (9) . Cultures were incubated (30ºC/160 rpm), collected at exponential growth phase, and submitted or not to nitrogen starvation. Starving conditions and the assay for asparaginase *Corresponding author: Mailing address: Instituto de Química, UFRJ -CT, Bloco A, Av. Brigadeiro Trompowsky s/n. Cidade Universitária, Ilha do Fundão. 21941-590, Rio de Janeiro, RJ, Brasil. E-mail: elba1996@iq.ufrj.br II activity followed methods described elsewhere (1, 8, 12) . Crude cell extracts were obtained as in (14) . Protein determination was carried out as in (7) . Cell samples for microscopic analysis of fluorescence were treated as described by (10) . Cell extracts were obtained in crushing buffer with protease inhibitors (TrisHCl 20 mM pH 7.5; NaCl 0,1M; EDTA 0.1M; PMSF 1 mM; 0.01 mg/mL pepstatin) as described by (14) . Fluorescence of cell extracts was determined after sample incubation in ice for 10 min as described by (3) . Equal amounts of protein from crude cell extracts were transferred to dried polyvinnylidene difluoride membrane with methanol to form a dot. The ASP3-GFP chimeric protein was detected using GFP-antibody (1:5,000 dilution) and WesternBreeze Cromogenic Kit-Anti Rabbit (Invitrogen). Southern and Northern blot analyses were performed according to standard techniques (11) . Probes were prepared by PCR amplification of genomic DNA or pFA-GFPkanMX6 (using primers of Table 1 ), and blotting with 32 P-labeled probes prepared with RediPrime II kit according to the manufacturer´s instructions (Amersham Pharmacia Biotech).
RESULTS AND DISCUSSION
The chromosomal integration of GFP at the 3'-end of ASP3 ORF is shown schematically in Fig. 1 . The presence of the fusion ASP3-GFP in the constructed strains (ASM-F3 and ASM-2P) was verified by PCR analysis using primer1, ADR1 or ADR2-GFP, listed in Table 1 (data not shown). Southern blot analysis showed that two copies of ASP3 ORF were altered since they can be specifically detected by the probes ASP3 and GFP (Fig  4) . The strains carrying the chimera ASP3-GFP gene were grown in YPAD to early stationary phase and submitted or not to nitrogen starvation for 2 h. Fluorescence in ASM-F3 (URE2) cells was detected only after nitrogen starvation (Fig. 2-A/B) . ASM-P2 (ure2) cells exhibited pre-starvation fluorescence, which increased with nitrogen starvation (Fig 2-E/F ). ASP3-GFP expression was also verified by Northern analysis (Fig. 5) . The observed increase in both mRNAASP3 and mRNAASP3-GFP corroborated results obtained fluorescence. The comparison Capital letters indicate sequence homologous to the respective template plasmids; small letters indicae sequence homologous to the respective chromosomal integration sites. (1) The PCR product was used to transform wt and ure2 strains (2) and integrated in the yeast genome by homologous recombination (3), resulting in the strains harboring the chimeric gene expressing the Asp3-GFP fusion protein (4) under the same regulatory control as Asp3p protein.
of D-asparaginase II (DA-II) activity before and after nitrogen starvation in crude cell extract and periplasmic space of whole URE2 cells expressing either Asp3p or Asp3-GFPp also revealed an increase of DA-II activity due to nitrogen starvation in both wild-type and ure2 strains (Fig. 3) . Determination of fluorescence in cell extracts before and after nitrogen starvation showed higher fluorescence for samples obtained from the chimera strains than for wild-type strains (Table 2 ). Further Figure 3 . Asparaginase II activity measured in conditions of (N) non-starved for nitrogen or (S) starved for nitrogen and for (P) periplasmic activity or (T) total enzymatic activity in extract of the cells. demonstration of the ASP3-GFP protein was carried out using anti-GFP antibody. Cell extracts from strains expressing ASP3-GFP protein exhibited a dot whose intensity was higher in samples obtained from nitrogen-starved cells (Fig. 6 ). These results indicate that both native ASP3 and modified copies are regulated by nitrogen and that specific sorting of Asp3p was not affected by the GFP fusion. Further research to verify the effect of nitrogen on asparaginase II secretion is currently ongoing.
